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ABSTRACT
Six x-ray point sources, with luminosities of 4×1038−2×1039 ergs s−1 in the 0.4–7 keV band,
were detected in Chandra observations of the spiral galaxy M100. One source is identified with
supernova SN 1979C and appears to have roughly constant x-ray flux for the period 16–20 years
after the outburst. The x-ray spectrum is soft, as would be expected if the x-ray emission is
due to the interaction of supernova ejecta with circumstellar matter. Most of the other sources
are variable either within the Chandra observation or when compared to archival data. None
are coincident with the peak of the radio emission at the nucleus. These sources have harder
spectra than the supernova and are likely x-ray binaries. M100 has more bright x-ray sources
than typical for spiral galaxies of its size. This is likely related to active star formation occurring
in the galaxy.
Subject headings: galaxies: individual (NGC 4321 = M100) — galaxies: spiral — galaxies: starburst —
supernovae: individual: SN 1979C (M100) — X-rays: galaxies — X-rays: sources
1. Introduction
M100 (NGC 4321) is a ‘grand-design’ late-type
spiral, which has hosted 4 supernovae since 1900,
has a prominent, star-forming circumnuclear re-
gion, and is located in the Virgo cluster . Previous
x-ray observations of M100 led to the detection
of the most recent supernova in the galaxy (SN
1979C) and of a number of other point sources
(Immler et al. 1998; Palumbo et al. 1981).
Here, we report on x-ray point sources found
in high-angular resolution x-ray observations of
M100 made with Chandra. Results on the nu-
clear emission from the same data were previously
reported in Ho et al. (2001). We selected this
galaxy for study because it is seen nearly face-on
which reduces ambiguity in determining the en-
vironments of x-ray sources, because it contains
SN 1979C which was previously detected in x-rays
(Immler et al. 1998), and because of the question
of the association of an x-ray source with the nu-
cleus remains open (Ho et al. 2001). We describe
the Chandra observations and our analysis in §2
and discuss the results in §3.
2. Observations and Analysis
M100 was observed with the Chandra X-Ray
Observatory (CXO; Weisskopf 1988) on 6 Nov
1999 and 15 Jan 2000 using the ACIS spectro-
scopic array (ACIS-S; Bautz et al. 1998) in imag-
ing mode and the High-Resolution Mirror Assem-
bly (HRMA; van Speybroeck et al. 1997). The
galaxy fits almost completely on the S3 chip with
a small portion of the D25 ellipse on the S2 chip.
We found no point sources within the portion of
the D25 ellipse on the S2 chip and the analysis
below includes only data from S3. Level 2 data
products from the standard processing (version
R4CU5UPD11.2) were used. The processing in-
cludes standard cuts on CCD event grades, elimi-
nation of events from hot pixels, hot columns, and
near node boundaries, and removal of cosmic ray
induced events.
The observation on 6 Nov 1999 lasted 1165 s
and had a high background rate in S3, 10 −
70 cts s−1. On 15 Jan 2000, 1366 s of data were
obtained with a low background rate, ∼ 1 cts s−1.
Both observations are recorded in Chandra ObsID
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Table 1
Chandra X-Ray Point Sources in M100.
Source RA DEC log(LX) Color Obs 1 Obs 2
C1 12 22 54.78 +15 49 18.3 39.1(1) -0.2(2) 39.3(1) 38.6(2)
C2 12 22 54.13 +15 49 11.9 39.1(1) -0.1(2) 38.9(2) 39.2(1)
C3 12 22 54.76 +15 49 15.9 39.0(1) 0.4(3) 39.0(1) 39.0(1)
C4 12 22 54.23 +15 49 43.8 38.8(1) 0.2(3) 38.6(2) 38.9(2)
C5 12 22 58.66 +15 47 51.0 38.9(1) -0.5(3) 38.9(2) 38.8(2)
C6 12 22 46.10 +15 48 49.7 38.9(1) 0.6(3) 39.1(1) 38.5(3)
Note.—This Table contains for each source: Source – the label used in
this paper; RA and DEC – the J2000 position; log(LX) – the logarithm of
the luminosity in the 0.4–7 keV band in units of ergs s−1; Color – an x-ray
color (hardness ratio) defined as counts in the 1-7 keV band minus counts in
the 0.4–1 keV band divided by the total counts in the 0.4–7 keV band; Obs
1 and Obs 2 – logarithms of the luminosities in the first and second Chandra
observations. Numbers in parentheses indicate the 1σ uncertainty in the final
digit of the preceding value.
400. We created images in the 0.4–7 keV band at
the full ACIS resolution of 0.49′′ for each observa-
tion and for the combined data. We searched the
images for point sources using wavdetect (CIAO
V2.0) and visually inspected each image. For the
two sources near the nucleus of M100, wavde-
tect reported source ellipses well in excess of the
HRMA/ACIS point spread function. These large
source ellipses are likely due to diffuse emission in
this region and we chose to use source regions con-
sistent with the point spread function rather than
those reported by wavdetect.
The merged list of sources with detection sig-
nificance above 4σ and within the D25 ellipse of
M100 is given in Table 1. The positional accu-
racy is limited by the Chandra absolute aspect
which is accurate to 0.6′′ (1σ rms; Aldcroft et
al. 2000; see also the Chandra Aspect web pages
http://asc.harvard.edu/mta/ASPECT/). The
relative positions should be somewhat better. For
each source, counts from the full data set in the
energy bands 0.4–1–7 keV were extracted from
source regions with a radius of 2 pixels for sources
near the aimpoint and larger elliptical regions for
sources further out. The counts were background
subtracted using a circular background regions
with radii equal to 3 times the major axis of the
source ellipse and with ellipses twice the size of the
source regions excluded (for both the source of in-
terest and any sources overlapping the background
region). For each source, we calculated the x-ray
count rate in the 0.4–7 keV band and an x-ray
color (hardness ratio) defined as counts in the 1-
7 keV band minus counts in the 0.4–1 keV divided
by the total counts in the 0.4–7 keV band. The
x-ray colors were corrected to the values which
would have been measured at the aimpoint using
exposure maps for 0.7 and 2.4 keV, which corre-
spond to the average photon energies for the point
sources in the two bands.
Count rates were converted to luminosities
in the 0.4–7 keV band assuming a thermal
bremsstrahlung model with kT = 2 keV and cor-
rected for absorption along the line of sight with
a column density of 2.39× 1020 cm−2 and assum-
ing a distance of 16.1 Mpc (Ferrarese et al. 1996).
The count rates were corrected for the fraction
of events contained in the extraction region and
for exposure using an exposure map for 1.5 keV.
The kT = 2 keV thermal bremsstrahlung spec-
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